The present study aimed to investigate the possibility of using dual-energy computed tomography (CT) before therapy to discriminate between normal breast tissue and tumor tissue in patients with breast cancer, without the need to use a contrast medium. The following patient data were extracted by interview and from the hospital's radiology information system: height, weight, age, menstrual cycle, CT images of normal tissue and tumors with or without contrast medium, and the histopathological diagnosis of the aspiration biopsy. The median age of the 43 participants was 56 years (range, 30 -80 years). The CT values were evaluated using a clinical analytical program based on the three-material decomposition technique. Breast cancer was classified into ductal carcinoma in situ, invasive ductal carcinoma, invasive lobular carcinoma, fibromatosis-like metaplastic carcinoma, and apocrine carcinoma. In all conditions, regardless of contrast medium, the CT values of tumor tissues were higher than those of normal breast tissue, indicating the effectiveness of dual-energy CT (DE-CT) in the diagnosis of breast cancer. By contrast, DE-CT showed limited potential for distinguishing ductal carcinoma in situ from invasive ductal carcinoma.
its prevalence has been increasing annually among Japanese women as a consequence of changing lifestyles, notably with fewer marriages and more pregnancies at older ages.
Currently, one-in-twelve Japanese women suffer from breast cancer in their lifetime.
Breasts are composed of fatty and breast tissue that comprises ducts and lobules, with about 90% of breast cancers originating from the ducts. These ductal carcinomas are divided into either ductal carcinoma in situ (DCIS) or invasive ductal carcinoma (IDC) by the degree of invasion of cancer cells. Breast cancer is also typically responsive to available therapies, and complete cure can be expected when it is diagnosed at an early stage and managed with appropriate treatment. Therefore, breast cancer screening, such as mammography and ultrasound, is recommended once every two years to identify early-stage disease [1] [2] .
Routine diagnostic imaging of the breast is typically by mammography, ultrasonography, or positron emission tomography-computed tomography (CT), with CT and magnetic resonance imaging (MRI) performed to obtain additional information or to support surgery [3] [4] . Regarding CT examination of breast tissue, there are only a few reports on the possibility of its use for qualitative diagnosis of breast cancer. By contrast, technical advances in MRI have improved MRI resolution and fat suppression techniques, so that the detection sensitivity of intraductal cancer infiltration is now high [3] [4] [5] ; but, it is difficult to use these images for surgical support because of the shape of the receiver coil and the face-down position adopted. Compared with MRI, the advantages of CT imaging are that it is capable of imaging in a face-up (surgical) position, it has high spatial resolution, it has reduced inspection time (and burden on patients), and it can be used to search for distant metastasis (e.g., axillary lymph node, liver, lung, and bone) [5] .
Recently, dual-energy CT (DE-CT) has also been developed [6] , which uses two types of CT datasets acquired with different X-ray spectra generated by different tube potentials. This new technique is superior to standard CT based on 1) better image quality and tumor contrast; 2) the need for fewer images to obtain the same information as a single-energy study; 3) the associated reduction in the number of artifacts, such as beam hardening; and 4) the ability to discriminate between and quantify substances like iodine, calcium, and fat [7] [8] . In breast cancer, calcifications can be seen on a mammogram, and microcalcifications are an important type of calcification that reflect specks of calcium in areas of rapidly dividing cells. Therefore, because a clustering of microcalcifications may indicate cancer, DE-CT might better discriminate between normal breast tissue and tumor tissues and be useful for quantifying the amount of tumor tissue. Furthermore, although contrast medium has generally been considered essential for distinguishing normal breast tissue from tumor tissue, it is associated with allergy. DE-CT can obtain comparable image contrast to standard CT with a reduced need for contrast medium, thereby reducing this risk.
The present study aimed to investigate the possibility of using dual-energy computed tomography (CT) before therapy to discriminate between normal breast tissue and tumor tissue in patients with breast cancer, without the need to use a contrast medium. We investigated whether it was possible, before treatment to discriminate normal breast tissue from tumor tissue by DE-CT, without using contrast medium.
Materials and Methods

Patients Characteristics
This study was approved by the Committee of Medical Ethics of Hirosaki University Graduate School of Health Sciences (Hirosaki, Japan) and Hamamatu University Graduate School of Medicine (Hamamatu, Japan). Before all CT examinations, the study aim was explained to each patient and they were informed that there would be no negative consequences for either themselves or their family if they did not participate. A consent form was then signed by each participant.
Data were obtained for 83 patients with breast cancer who underwent CT examination at Hamamatsu University Hospital between July 2014 and March 2016. All of the data were summarized in Table 1 . Of these, 40 were excluded because of leakage of contrast medium, the image being out of the field of view (FOV) range, body motion, and masses with calcification. Therefore, 43 patients were included in the study, with a median age of 56 years (range, 30 -80 years). The following data were extracted for each patient from interviews and from the hospital's radiology information system: height, weight, age, menstrual cycle, CT values of normal tissue and tumors (with or without contrast medium), and the histopathological diagnosis of the aspiration biopsy.
CT Protocol
X-ray CT examinations were performed using a SOMATOM Definition FLASH system (Siemens Medical Solutions, Forchheim, Germany) with the parameters shown in Table 1. Proprietaryiodine contrast, Iopamilon ® Injection Syringe (iopamidol, 300/370 mg Table 1 . CT examination protocol. Field of view (mm) 337 iodine/ml, Bayer, Leverkusen, German) or the OMNIPAQUE Injection Syringe (iohexol, 300 mg iodine/ml, Daiichi-Sankyo Co, Ltd., Tokyo, Japan), was injected using a Dual Shot GX 7 (Nemoto, Japan) in 540 mg iodine/ml over 50 seconds, before the CT scan was initiated 80 seconds after administration.
Evaluation of CT Values
All CT values were evaluated using a Siemens Medical Solutions analytical program based on the three-materials decomposition technique. The CT data were collected from the hospital medical information system with and without contrast medium at two tube voltages (100 kV and 140 kV). Data with or without contrast medium were derived from 43 normal breast tissues and from 43 patients with cancer. The region of interest was set at 4 mm in diameter per image. Further, the CT values for 120 kV were derived from the combined images of the 100 kV and 140 kV tube voltages.
Histopathological Classification of Breast Cancer
As shown in Table 2 , 43 patients were classified into five groups based on a previous report [9] : DCIS, IDC, invasive lobular carcinoma, fibromatosis-like metaplastic carcinoma, and apocrine carcinoma.
Statistical Analysis
Statistical significance was estimated using the Mann-Whitney U-test or Student's t-test. Significances levels were calculated by Microsoft Excel 2013 (Microsoft, Redmond, WA, USA) with the StatFlex version 6.0 add-in (Artech Co., Ltd., Osaka, Japan). A value of P < 0.05 was considered statistically significant.
Results
Comparison of CT Values for Normal Breast Tissue and Tumor Tissue
The CT values for normal breast tissue and tumor tissue at the three different tube voltages (100 kV, 120 kV, and 140 kV), with or without contrast medium, are summarized in Table 3 
Comparison of CT Values between Patients with DCIS and IDC
The CT values of patients with DCIS and IDC obtained under the three different conditions, and with or without contrast medium, are summarized in Table 4 and Figure 2 .
As with the comparison of normal and tumorous breast tissue, contrast medium enhanced the CT values in all conditions, regardless of whether DCIS or IDC was diagnosed. When the CT values of patients with DCIS and IDC were compared, there were no statistically significant differences in most areas; however, for the values with contrast medium injection, DE-CT showed no effectiveness in either condition. The CT values obtained with contrast medium were shown to decrease as the tube voltage increased, moving from a 2.55-fold increase to a 1.86-fold increase. Thus, the foldincrease for CT with and without contrast medium also decreased as the tube voltage increased.
Discussion
In the present study, the possibility of using DE-CT before therapy to discriminate between normal breast tissue and tumor tissue, without the aid of contrast medium, was investigated. It was shown that contrast medium significantly enhanced all CT values, as shown in Table 3 and Table 4 , demonstrating the effectiveness of the contrast medium. However, regardless of contrast medium use, it was also shown that the CT val- ues of tumor tissues were still higher than those of normal breast tissue (Table 3 , Figure 1) , which indicated the effectiveness of DE-CT for diagnosing breast cancer. Breast CT examinations may be useful for diagnosing the spread of breast cancer and determining the extent of surgical resection necessary. However, such examination places the patient at risk of radiation exposure and contrast medium allergy. As Tsushima et al. described, CT is the greatest source of medical radiation exposure in the general population, and is a potentially significant source of increased cancer risk [10] . They pointed out that CT examinations of the chest and upper abdomen contributed to approximately 73.2% of the collective dose from all CT examinations. The annual effective dose per capita in Japan has been estimated at 2.20 millisievert (mSv). In addition, Agrawal et al. pointed out the need to minimize the risks of contrast medium exposure in oncology patients [11] , showing that the amount of contrast medium administered for CT examination, for either initial or follow-up evaluation, is a particular problem for those with compromised renal function [12] [13] [14] . In patients with cancer, advanced age and cumulative risk factors increase the susceptibility to adverse contrast material-related renal events; risk factors include, diabetes, hypertension, hyperlipidemia, and a history of nephrectomy. Therefore, lowering the iodine dose or the volume of a contrast material, without compromising the diagnostic quality of abdominal CT images, is desirable [11] . From this perspective, as Simons et al. reported, DE-CT may have considerable potential for improving tumor detection and lesion characterization, while concurrently shortening the scan time, reducing the radiation dose, and decreasing exposure to the contrast medium [15] .
DCIS is the most common type of non-invasive breast cancer. It is a heterogeneous, unicentric precursor of invasive breast cancer that is frequently identified through core needle biopsy and mammography in breast screening programs [16] . By contrast, IDC of the breast comprises a group of malignant epithelial tumors that are characterized by invasion into adjacent tissues and a tendency to metastasize to distant sites, including lymph nodes [17] . The progression from proliferative disease without atypia to atypical hyperplasia, from atypical hyperplasia to DCIS, and from DCIS to IDC has been proposed by a number of investigators to be a possible model for the development of invasive ductal carcinoma in humans, despite continued controversies [18] . Regardless, the present study showed that DE-CT has limited potential for differentiating DCIS and IDC (Table 4, Figure 2 ). Although the present study evaluated the potential of DE-CT for diagnosing breast cancer by CT alone, it will be necessary to verify the findings by comparing CT values and images.
The incidence and mortality rate for breast cancer in Japan has been increasing since the middle of the 1980s [19] . In 2014, it was the fifth leading cause of cancer mortality, with 13,240 deaths, accounting for 9% of all cancer deaths in women; and in 2015, it was the most common cancer in Japanese women, with the estimated 89,400 cases representing 21% of all female cancers. [20] . The age-standardized incidence rate peaks at 45 -49 years old, which is much younger than in Western women [11] . Routine mammography and breast examination has been recommended in Japan since 2000 [21] . However, there are some problems with breast examination, including its precision. Difficulties in lesion detection have been reported during mammography, particularly on account of high-density mammary gland tissue (dense breast) which is commonly seen in younger age groups [22] . Several studies have examined automated segmentation of mammary gland regions by torso CT images [23] and differentiation of malignant and benign incidental breast lesion detected by Multidetector-Row CT [24] , although there was no analysis of the CT value in mammary gland and tumors by using DE-CT.
The dual-source, DE-CT scanners used in the present study consist of two X-ray tubes that are orthogonally mounted in one gantry and two sets of corresponding detectors that simultaneously acquire and process data with different energies (low and high) [11] . This scanner uses a three-material (soft tissue, fat, and contrast medium) decomposition algorithm. Ma et al. previously demonstrated that the separation of hepatic iron from fat, using dual-source, DE-CT material decomposition with a threematerial algorithm, was feasible in vivo, even when iron and fat coexisted [25] . Currently, DE-CT applications in clinical settings are mainly used in chest, abdomen, and genitourinary diagnosis, and have been used since the DE-CT technique first became available on commercial CT machines [11] . Very recently, Uhrig et al. reported that abdominal DE-CT was feasible without increasing radiation exposure or deteriorating the image quality, even when compared to dose-optimized single-energy CT (e.g., automatic voltage control). They concluded that DE-CT could contribute to sophisticated oncological imaging without a dose penalty [26] .
Future application of DE-CT is anticipated in other specialties, although there is still a lack of comprehensive evidence for its use in the brain, head and neck, musculoskeletal tissue, and skin tissue. However, the potential of DE-CT in the context of oncological imaging has clearly not been fully exploited. In this study, it was shown that the CT values of tumor tissues were still higher than those of normal breast tissue regardless of contrast medium use, which indicated the effectiveness of DE-CT for diagnosing and discovering the breast cancer without any contrast mediums. It took a considerable amount of time to practical use due to technical constraints of DE-CT, but that will be introduced into a lot of facilities in the future. Breast CT imaging with DE-CT is expected to improve tumor detection in the future, but additional approaches will be required to resolve existing problems.
